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Abstract 
This paper presents the findings of a freight transport study carried out for Belo Horizonte city (Brazil). Based on surveys on the 
main accessing roads to the Belo Horizonte Metropolitan Region (RMBH), it was noted that 30% of the trucks circulated empty 
inside the Belo Horizonte Central Area, and among those that contained some load, one could observe the use of less than 50% of 
their load capacity. On the other hand, the largest trucks carried loads that weighted 23% above their nominal capacity. These 
facts suggest an approach based on the concept of City Logistics should be applied in the management of the freight transport for 
the whole metropolitan region.  
© 2010 Elsevier Ltd. 
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1. Introduction 
Having as the main focus the transit of people on urban roads, in Brazil, traditionally the management of the 
movement of goods has been seen by the government organisations with a mere restrictive approach with respect to 
the regulation of places and timetables to access and execute loading/unloading operations.  
Belo Horizonte, capital of the State of Minas Gerais (Brazil), with nearly 2.5 million people, is inserted in a 
metropolitan region (RMBH) composed by 34 cities and by almost 5 million people. It possesses one of the main 
industrial parks of the Country. The mapping and the characterisation of all movements of goods inside of the 
RMBH constitute a complex and difficult task, in face of the multiplicity of origins and destinations. Figure 1 shows 
the Central Area of Belo Horizonte city and the Downtown subarea (Hipercentro). 
Based on surveys carried out on the main roads accessing the RMBH, in 1992 and in 2001, the load flows with 
origin or destination inside the RMBH were identified, as well as ones that only cross this region. These data, even 
though not including the internal flows with both origin and destination inside the RMBH, provide the elaboration 
of  a  specific  mapping  of  the  main   routes  of  load  traffic  inside  Belo  Horizonte  city,  allowing  this  way,  the 
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characterization of products and vehicles, conditions of transport, main origins and destinations of loads inside the 
Belo Horizonte Central Area.  
This paper presents the findings of a freight transport study carried out for Belo Horizonte city. The new 
contributions presented in this research can be divided in two issues: the first one consist of discussing the 
difficulties in measuring the load flows in cities inserted in metropolitan regions. The study shows a way to partially 
solve this problem by the use of an origin/destination survey carried out for the whole metropolitan region; the 
second main contribution of this paper is to show the excessive volume of the freight vehicles circulating empty or 
without the use of its full load capacity in a Brazilian metropolitan region and to discuss possible solutions for the 
problems pointed out, based on the concepts of City Logistics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 The Belo Horizonte Central Area and the Downtown subarea, Hipercentro (Source: Empresa de Transportes e Trânsito de Belo 
Horizonte - BHTRANS) 
2. Problems and Issues in Urban Freight Transport  
Urban Freight Transport could be defined as, “the organization of the displacements of materials and products 
inside urban areas” (Dablanc, 1997). It includes all the movements of loads that have an origin and/or destination in 
those areas, as well as inter-city displacements inside metropolitan regions, and those movements that only cross the 
urbanised area.   
According to Ogden (1992), the urban freight transport presents high heterogeneity and complexity in view of the 
difficulty for the identification of common characteristics between the requirements of different users and different 
vehicle operators. What is common between the transport operations of, for example, garbage, couriers, parcels, fuel 
and pre-mixed concrete? What is common between the procedures for delivering products at depots, plants, stores, 
offices, transport terminals, construction sites and residences? This complexity and heterogeneity mean that there 
are multiple actors (stakeholders) involved with freight transport in urban areas, which are interacting with the 
transit of people, and they possess different perceptions of problems and solutions.  
In a general way, the people in transit see trucks as “harassment” and a threat on the road system. Urban residents 
want the trucks not to operate near their houses, to minimize the noise, the air pollution and also to preserve the 
environment of their homes. The retailer values the merchandises that the truck brings, but laments that vehicles in 
the processes of loading and unloading are occupying space that could be used as parking for potential customers. 
On the other hand, the companies and drivers responsible for the deliveries of orders complain about the shortage of 
parking space for loading and unloading operations, and about the traffic congestion, generally caused by the excess 
of cars, which increases the operating costs of freight vehicles and causes delays for the deadlines for delivering the 
products. 
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3. The Complexity of the Freight Transport in Belo Horizonte City 
Nowadays we can point out the following factors responsible for the increase in the complexity of logistics and 
the frequency of freight transport in the largest Brazilian cities, particularly in Belo Horizonte city: 
 
x Fast Urbanisation: it has as an effect the processes of residential vertical growth, which concentrates populations 
and traffic flows in reduced areas, as well as the scattering of the cities, resulting in the increase of the volumes 
and distance covered by the freight and service vehicles, contributing to the traffic jams and to the increase of 
accidents and environment pollution. 
x Globalisation in the supply chain and electronic commerce: intensifies the participation of the foreign supply of 
raw materials and components sent to the local industries in the city in addition to small products sent directly to 
companies and consumers through courier services.  
x JIT (Just-in-Time) Strategy: adopted by an increasing number of industries, aiming for greater efficiency and 
better exploitation of space for the manufacturing and assembly processes, resulting in the minimisation of 
former dedicated areas for storage. 
x Continuous Inventory Replenishment Policies: adopted by segments of retailers, due to less available space 
inside stores and mainly aiming for the reduction of inventory, which allows more space for a greater variety of 
products available to customers. This replenishment procedure results in more frequency of deliveries to stores, 
although using freight vehicles with lower capacity. 
x Service Level considered as a value for the product: in face of income growth, market competition, technological 
convergence of different brands of products, customer demands; factors such as lead time and attendance 
frequency, for example, grow as a service differential, resulting in a proliferation of individualised deliveries to 
houses and businesses, carried out by vans and motorcycles, which can be observed in Belo Horizonte city with 
accelerated growth. 
 
Due to the metropolitan context in which Belo Horizonte city is situated (The Metropolitan Region of Belo 
Horizonte – RMBH), the planning and management of the freight transport system inside the city should be divided 
into two approaches. The first one, a macro approach, involving part or the whole metropolitan region, aims to 
achieve economies of scale through a strategic goal of cost-cutting in relation to the location of specific highways 
and facilities, like terminal consolidation and distribution centres, that can serve the several cities which compose 
RMBH. Obviously, the level of success of this approach depends on the cooperation between the governments of 
the cities involved. The second approach should focus on specific projects and operations designed for Belo 
Horizonte city itself.  
An appropriate dealing of the freight transport and its vehicles is absolutely essential in a great urban centre like 
Belo Horizonte city, for the benefit of the city’s own economy, welfare and quality of life of its population. This 
objective can be accomplished by fast deliveries and services. The own concept of urbanisation requires a system of 
freight flows to maintain the city, in view of the fact that the population is concentrated in areas generally distant 
from the food sources and from the industries of goods in general. Furthermore, the garbage generated daily in the 
city has to be collected and transferred to appropriated places, in the same way far from the urban area. In Belo 
Horizonte city, it is estimated that, on average, more than 4.4 pounds of garbage are generated daily by each 
individual person. However, efforts should be made in order to minimise the negative effects that can arise in 
consequence of the proliferation of commercial vehicles in the urban area. 
The facts presented above suggest an approach based on the concept of City Logistics applied in the management 
of the freight transport in Belo Horizonte city. This concept arose by the end of the last century. It aims optimise the 
activities of collection and distribution of loads in urban areas, trying to simultaneously minimise the costs to society. 
According to Thompson (2003), City Logistics is a process of integrated planning for the distribution of the urban 
freight, involving a partnership between public and private sectors, based on a system of approaches (integration), 
which promotes innovative projects that result in a reduction of the total cost (including economical, social and 
environmental costs) of the freight flows in urban centres. Taniguchi et al. (2003) and other researchers describe 
different solutions in City Logistics, which includes one or more of the following schemes: 
 
x Advanced information systems, 
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x Cooperative freight transport systems 
x Public logistics terminals, 
x Shared usage of freight vehicles, 
x Logistics platforms, 
x Pick-up sites, 
x Underground systems of freight transport, and 
x Load factor controls for the access of specific areas. 
 
In the last years, the following operational procedures have been undertaken in the Central Area of Belo 
Horizonte city, aimed to mitigate the negative impacts of the freight vehicles (BHTRANS, 2007): 
 
x Free circulation and loading/unloading operations, in the downtown subarea (Hipercentro), just for trucks with a 
maximum length of 6.5 metres (Veículos Urbanos de Carga – VUC), which don’t disturb the traffic flow as much 
as larger vehicles. 
x Restricted timetables for circulation and loading/unloading operations inside the Central Area for vehicles larger 
than VUC 
x Limited period of time for performing the loading/unloading operations, controlled by “parking cards”. If that 
time is exceeded, the vehicle’s owner receives a fine. 
x The obligation of using pallets inside the vehicles to minimise the period of time for loading/unloading 
operations of goods. 
x Prohibition of loading/unloading operations in diurnal periods on the roads where the traffic flows normally 
reach saturation level. 
 
Even though these procedures are very important, they only aim to manage some possible negative effects of a 
systematic problem like pickup and delivery operations in larger cities and metropolis. This way, the real causes of 
the problems are not elaborated and solved under a logistics approach, which involves all the stakeholders in a 
strategic partnership. Furthermore, if there aren’t strong investments in controlling the fulfilment of the regulations 
on the roads and of the vehicle maintenance conditions, they won’t be effective, as can be seen in Figures 2, 3 and 4. 
 
 
Figure 2 A truck executing loading/unloading operations, parked outside of the parking lane and disturbing the traffic flow. Downtown - Central 
Area of Belo Horizonte city, 2008  
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Figure 3 Loading/unloading operations at an inappropriate place and time, disturbing the bus stop operations and the transit of pedestrians on the 
sidewalk.  Downtown – Central Area of Belo Horizonte city, 2008 
 
 
 
 
Figure 4 A van double parking. Downtown - Central Area of Belo Horizonte city, 2008 
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4. Characterization and Analysis of Load Flows in Belo Horizonte City 
An origin-destination survey (Fundação João Pinheiro, 2001) carried out in the RMBH in 2001 by the Fundação 
João Pinheiro, in addition to the same type of survey that took place in 1992 by the Núcleo de Transportes 
(NUCLETRANS, 1992) of the Engineering School of the Federal University of Minas Gerais – UFMG, conducted 
interviews on the access roads (of the RMBH Cordon Line) to the metropolitan region. The surveys identified all the 
loads that originate in or that are destined to the RMBH, as well as the ones that only cross the metropolitan region. 
These data, even though it does not include the displacement of loads with an origin and destination inside the 
RMBH, allows the elaboration of a specific mapping of the main routes of load traffic, characterizing products and 
vehicles, transport conditions and main flows in the Central Area of Belo Horizone. Inside the Central Area is 
located the Belo Horizonte downtown (Hipercentro), which presents the greatest density of commercial and service 
businesses of the whole RMBH. 
The present study reveals that from 1992 to 2001 the total load flows that arrived at the RMBH grew 17%, on 
average, increasing from 73,000 tons to more than 85,000 tons daily, of which 51,257 tons had RMBH as the 
destination, and 15,994 tons were destined to Belo Horizonte city. In relation to the daily volumes of load vehicles, 
in the period between 1992 and 2001, there was an increment of 12% in the number of trucks that arrived at the 
RMBH. The study points out that just the Central Area itself represented 11.2% of the total of destinations to Belo 
Horizonte city.  In respect to truck ownership (Table 1), the survey revealed that 43% of the vehicles arriving daily 
at the RMBH were for personal use, highlighting a significant share of small truck owners (see Figure 5); 43% were 
private carriers, and belonged to the own companies supplying the goods, and only 10% were trucks owned by 
commercial carriers. In the case of the trucks destined for the Central Area of Belo Horizonte city, the majority of 
the vehicles (52%) were of personal use. 
 
 
 
Figure 5 Vehicles arriving at the RMBH, with a significant share of small truck owners, 2008 
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Table 1 Distribution of daily trucks arriving at RMBH by destination and by ownership 
Destination Small truck 
owners 
Private carriers Commercial 
carriers 
Others Total 
Central Area of  Belo Horizonte city 118 (52%) 88 (39%) 14 (6%) 6 (3%) 226 
Belo Horizonte city 877 (43%) 883 (44%) 156 (8%) 103 (5%) 2019 
RMBH 2716 (43%) 2733 (43%) 601 (10%) 259 (4%) 6309 
Outside RMBH 1113 (37%) 1366 (45%) 418 (14%) 111 (4%) 3008 
(Source: RMBH Origin and Destination Survey, 2001) 
 
In relation to the daily distribution of trucks (Table 2), originating from outside RMBH and destined to the Belo 
Horizonte Central Area, classified by vehicle size, heavy trucks were more prevalent (58%), comprised of 27% 
articulated trucks, followed by medium sized trucks (27%) and light trucks (14%). It was also noted a high number 
of utility vehicles (398 vans), of which only 18% of these, on average, were carrying loads. The drivers of the other 
vans were probably searching for loads or simply carrying out services. In the opposite direction, this situation 
changes: from the 379 vans that left the Central Area, 28% were carrying loads. 
Table 2 Daily distribution of commercial vehicles from outside RMBH and accessing the Central Area of Belo Horizonte city 
Central area 
(districts)  
Vans Light 
Trucks 
Medium  
trucks 
Heavy 
 trucks 
Articulated  
Trucks 
Total 
Downtown 186 19 29 28 39 301 
São  Lucas 33 2 7 4 7 53 
Savassi 61 8 12 16 8 105 
Lourdes 44 2 4 13 1 63 
Barro preto 74 1 11 9 8 103 
Total 398 32 62 70 62 624 
(Source: RMBH Origin and Destination Survey, 2001) 
 
As shown in Table 3, more than 30% of the trucks from outside the RMBH entered empty in the Central Area of 
Belo Horizonte city. It was noted (Table 4) that 27% of these were looking for loads, 5% were returning and 59% 
arrived empty for other reasons. In the opposite direction, 33% of the trucks left empty from the Central Area 
exiting the RMBH, with 24% of the drivers looking for loads, 36% returning and 34% leaving empty for other 
reasons. 
Table 3 Distribution of daily trucks arriving at RMBH by destination and by presence of load 
Destination Empty trucks  Loaded trucks  Total 
Vol. % Row  Vol. % Row  Vol. % Row 
Central Area of  Belo Horizonte city 69 30  157 70  226 100 
Belo Horizonte city 540 27  1478 73  2018 100 
RMBH 2016 32  4291 68  6307 100 
Outside RMBH 970 32  2038 68  3008 100 
(Source: RMBH Origin and Destination Survey, 2001) 
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Table 4 Distribution of daily empty trucks arriving at RMBH by destination and by reason of emptiness 
Destination Not applied  Searching  
For  load  
Returning  Other reasons  Total  
Central Area of  Belo Horizonte city 6 (9%) 19 (27%)  4 (5%)  40 (59%)  69  
Belo Horizonte city 26 (5%)  137 (25%)  155 (29%)  223 (41%)  540  
RMBH 65 (3%)  708 (35%)  450 (22%)  791 (39%)  2014  
Outside RMBH 6 (1%)  157 (16%)  104 (11%)  700 (72%)  967  
(Source: RMBH Origin and Destination Survey, 2001) 
 
An average load factor for trucks was calculated (Table 5), according to the type of vehicle and to destination 
region inside the Central Area. This load factor (expressed as a percentage), which is determined by the relationship 
between the weight of the load and the load capacity of the vehicle, could constitute an indicator of productivity for 
the freight transport, although, in many cases, the volume of the load can reach the volumetric capacity of the 
vehicle without, necessarily, reaching the load capacity. Considering just the trucks that are not empty, it was noted 
that, on average, the medium or light trucks carried less than 65% of their capacity. On the other hand, the 
articulated trucks carried loads above their nominal capacity. 
 
Table 5 Load factor (%) of the loaded trucks arriving at RMBH and accessing the Central Area of Belo Horizonte city 
Central Area 
(districts)  
Light 
Trucks 
Medium  trucks Heavy 
 Trucks 
Articulated  
trucks 
Downtown 60 50 67 123 
São  Lucas 67 35 69 67 
Savassi 88 51 80 88 
Lourdes 19 56 92 7 
Barro preto 100 60 85 78 
Total 63 50 77 109 
(Source: RMBH Origin and Destination Survey, 2001) 
  
Finally, despite the lack of available data, it has been noteworthy, in recent years, a rapid growth of the usage of 
motorcycles (Figures 6 and 7) for the transportation of small packages in Belo Horizonte city, particularly in the 
Central Area. The use of this type of vehicle is mainly due to the following factors: economy, rapidity, lead time and 
the dispersion of the orders along time, making the consolidation of the transport operations a difficult task by 
means of larger vehicles. The greatest problem one can observe regarding motorcycles is the high number of 
accidents involving their occupants, mainly due to the risky manoeuvres of its drivers.  
Figures 8 and 9 show a man carrying many packages stacked on a two-wheel wagon pulled on the sidewalk of an 
important avenue in the downtown area. It appears that he is not disturbing the pedestrians around him. This real life 
example suggests an alternative for the displacement of a number of goods, in distances not so great, reducing this 
way the necessity of motorized vehicles. Obviously, the sidewalks should be sufficiently wide.  
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Figure 6 An increase of the use of motorcycles for small package deliveries in the Central Area of Belo Horizonte city, 2008 
 
 
 
 
Figure 7 A motorcycle irregularly parked on a space reserved for loading/unloading operations and in a position that obstructs the parking of 
other vehicles in the rest of the available space. Downtown – Central Area of Belo Horizonte city 
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Figures 8 and 9 A man carrying packages on a two-wheel wagon pulled on the sidewalk. Downtown - Central Area of Belo Horizonte city, 2008 
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5. Conclusion 
The development of the Logistic Urban Plan for Belo Horizonte city should not be based merely on the current 
volumes of vehicles present on the roads, considering that as the survey revealed, just in the Central Area of Belo 
Horizonte, 30% of the trucks circulated empty and among those that contained some load, one could observe the use 
of less than 50% of their load capacity. On the other hand, the largest trucks carried in downtown area, on average, 
loads that weighted 23% above the nominal capacity of the vehicle. This fact is also undesirable, in face of the risks 
of accidents and of the wear on the surface of the roads. 
The main problems observed in Belo Horizonte city regarding the movement of goods, as well as the policy 
measures proposed in this paper to solve its urban freight transport issues can be summarised by: 
 
x too many trucks, vans and motorcycles in circulation, particularly in the Central Area of Belo Horizonte. 
However, this fact doesn’t mean a satisfactory service of load distribution, because it implies too many costs;  
x lack of information and technological infrastructure: efforts should be developed to reduce the amount of empty 
vehicles in circulation, as well as to control the access to the Central Area of Belo Horizonte city and the 
loading/unloading operations; 
x lack of integrated load terminals in the RMBH with logistic platforms, which could promote load consolidation 
in appropriate vehicles for its distribution inside the central areas of the RMBH cities; 
x lack of logistic platforms inside the Central Area of Belo Horizonte city, subterranean deposits for instance, 
which could give support to the operations of storage of retail goods, concentrating and reducing the movement 
of loaded vehicles on the road system at appropriate timetables;  
x lack of pick-up sites for small packages orders, which could promote the reduction of motorcycles and half 
loaded trucks in circulation on the Belo Horizonte urban roads. 
 
The feasibility of consolidating origins and destinations for freight movements depends largely on cooperation 
among the stakeholders. But local authorities have the main role in this process. In addition, to control the negative 
impacts of the freight vehicles in urban areas, they should realise the relevance of a satisfactory fulfilment of 
people’s material needs in a supply chain context and establish urban service policies and procedures that will 
provide time and place utility for products and services in a cost-efficient manner. 
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